Transketolase from the leaves of Nicotiana tabacum var. John William's Broadleaf is inhibited by exposure to low intensity blue light in the presence of low concentrations of FMN, which functions as a sensitizer. The degree of photoinactivation is reduced in the presence of quenchers of triplet FMN. Photoinactivation does not occur in the absence of oxygen and is also lessened in the presence of quenchers of singlet oxygen. The mechanism of photooxidation is inferred to proceed by way of triplet FMN and a major route of inactivation of the enzyme may continue via singlet oxygen. 
Materials and Methods
Plant material and enzyme preparation: Nicotiana tabacum var. John Williams' Broadleaf was grown in the greenhouse in daylight and the leaves of 6 -8 week old plants used. All preparative procedures were carried out at 4 °C. 300 g of leaves were washed, their mid-ribs removed and homogenised for 30 seconds with 250 ml of 0.01 M Tris-HCl buffer, pH 7.5. The brei was filtered through a Schleicher and Schüll 5206II1/2 paper and the filtrate centrifuged at 2500 g for 20 min. Transketolase in the supernatant was purified by ammonium sulphate fractionation. The 60 -80% saturation fraction was centrifuged at 20 000 g for 5 min. The resulting pellet was resuspended in 10 ml of 0.01 M Tris buffer and dialysed for 18 hours against 10 L of 0.001 M Tris-HCl, pH 7.5.
Assay for transketolase activity: The assay, a modification of KEELE'S method 17 , was carried out in quartz cuvettes of 1 cm light-path, at room temperature. The reaction mixture contained the following, in a final volume of 3.0 ml: 200 pinoles of G. A. CODD Tris-HCl buffer pH 7.5, 0.5 //moles of NADH, 0.01 mg of Boehringer TIM/GDH, 3 //moles of ribose-5-phosphate, 3 //moles of ribulose-5-phosphate and transketolase (0.5 -3.0 mg of protein). The reaction was started by the addition of the pentose phosphates. The addition of 3 //moles of TPP, the cofactor, did not affect activity and thus was routinely omitted from the assay. The oxidation of NADH, in the ensuing TIM/GDH reaction, was determined by measuring the decrease in absorbance at 334 nm in an Eppendorf S 100-E spectrophotometer equipped with a model 4410 recorder. A decrease in absorbance of 0.209 corresponded to the oxidation of 1 //mole of NADH. No reaction was observed before the addition of the pentose phosphate, nor with boiled enzyme.
Illumination of enzyme: Incubations were carried out in photochemical Warburg flasks containing 150 //moles of Tris-HCl buffer pH 7.5, enzyme (containing 2 -5 mg of protein), 0.5 //moles of FMN, other additions as specified in the Results and distilled water to 2.2 ml. Flasks were incubated in a glassbottomed water bath at 25 °C with occasional shaking and aliquots removed after various times for assay. Incubations were performed in the dark (with aluminium foil), or in red or blue light. Light was provided by 6 150 W Osram Attralux white lamps with plexiglas filters. The energy transmitted between 380 and 575 nm by the blue filter and between 575 and 750 nm by the red filter was integrated using an Isco Spectroradiometer model SR (Instrumental Specialities Co., Lincoln, Nebraska, U.S.A.) ; measurements were taken at the level of the flasks above the light source.
Protein was measured according to LOWRY et al. 18 , using bovine serum albumin as reference.
CMU was given by Prof. A. TREBST, University of Bochum; FMN, NADH, ribose-5-phosphate and TIM/ GDH were purchased from Boehringer, Mannheim, FAD and TPP, from Serva, Heidelberg; ribulose-5-phosphate from Sigma, St. Louis, Missouri, U.S.A. and /5-carotene from Fluka, Buchs, Switzerland.
Results and Discussion
Aerobic incubation of the transketolase preparation for up to 90 min in blue light of low intensity (1542 ergs cm -2 sec -1 ) did not affect activity. A photoinactivation was measured, however, in the presence of blue light and 0.5 //moles of FMN (Fig. 1) , which resulted in a loss of 70-80% of enzyme activity during the experiments. Neither dark storage of the inactivated enzyme, nor dialysis against 0.001 M Tris-HCl buffer pH 7.5 for 48 hours to remove FMN, resulted in a restoration of activity, suggesting that the photoinactivation is irreversible. The enzyme was not affected by up to 2 hours exposure to red light (22 600 ergs cm -1 sec -1 ) either with or without FMN. Other compounds were tested to determine whether they could function as sensitizers of the blue light effect. Incubation of transketolase, as specified in Fig. 1 , in the presence of about 5 //moles of FAD (purified by thin layer chromatography 14 ) did not result in net photoinactivation. Under certain alkaline conditions TPP, the transketolase cofactor, is yellow 19 . It is thus possible that TPP may function as a sensitizer in blue light. Exogenous TPP did not affect enzyme activity indicating that the transketolase was present as the holoenzyme. The effect of 1542 ergs cm -2 sec -1 of blue light alone was therefore tested by incubation for up to 2 hours in Tris-HCl buffer between pH 7.0 and 10.2. No photoinactivation was detected. Furthermore, none was observed during incubation with 1 //mole of exogenous TPP over the pH range.
The data presented so far indicate a photosensitized oxidation of transketolase with FMN as the sensitizer. Illumination of the enzyme plus FMN in the presence of CMU and tryptophan lessened the degree of photoinactivation (Table I) . Similar results were obtained when the incubation mixture was gassed with 100% oxygen. CMU forms a complex with triplet flavin 20 Table I show that oxygen is required since photoinactivation of transketolase was not observed during illumination repeatedly carried out under oxygen-free nitrogen.
Hydroquinone and /^-carotene can function as quenchers of singlet oxygen 25, 26 , and both substances 
